Recent experimental observations of otoacoustic emissions suggest the existence of spontaneous emitters of sound on the basilar membrane. These tend to send off waves not only in the normal direction of propagation. It is therefore significant to study the environmental conditions such an emitter finds inside the cochlea. The impedance relations seen by these emitters are described by the Riccati equation for an inhomogeneous transmission line. The results reported in this paper differ considerably for forward and backward excitation. This reflects the quite different behavior of the cochlea pertaining to waves traveling forward and backward. Because of reflections, backward waves cannot be treated with the Liouville-Green approximation.
INTRODUCTION
Recent experimental observations of otoacoustic emissions suggest the existence of spontaneous emitters of sound on the basilar membrane (cf. Kemp, 1978; de Wit, 1985) .
These require the consideration of several new physical properties which are not taken into account by classical cochlea models. One aspect is the stability of an emitter, which is investigated in another paper (de Boer et a l., 1985). In this paper we address the problem of the propagation of waves on the basilar membrane induced by such an emitter. The emitter tends to send off waves not only in the normal direction of propagation towards the helicotrema (forward direction), but also backward towards the stapes. It is therefore necessary to study the behavior of such backward traveling waves.
In order to concentrate on the basic physical properties of the cochlea we use the simple and well-studied one-dimensional long-wave model (Zwislocki, 1953; de Boer, 1980) . Making use of the inhomogeneous transmission line analog (cf. de Boer, 1984), this approach allows us to calculate the impedances inside the cochlea as seen by an emitter. It has been found that a transmission line of the type of the cochlea treats waves quite differently, depending upon their direction (de Boer and Viergever, 1982). It is the purpose of this paper to discuss this effect in some more detail.
I. THE RICCATI EQUATIONS
In a homogeneous transmission line, propagation of energy by way of waves is controlled by the line's characteristic impedance. For an inhomogeneous line the concept of characteristic impedance, even when interpreted locally, is in general less useful. It is more convenient to consider energy propagation in terms of two types of "local impedance." Each of the impedanees is the solution of a Riccati equation order to fit experimental data, a particular set of parameters is chosen following de Boer ( 1980); see Table I The parameter 5 remains a damping constant. Its value is the same as before (see Table I (x,a•) . Therefore, we should expect the latter two to be nearly equal to one another. We will call the so computed function the "classical characteristic impedance, "   C(x,to) = xIZ(x,to)/Y(x,to) . • (x,to), A '• (x,to), and C(x,to) , however, holds only in the direct vicinity of the resonance point x, and in the region to the' right of it.
In the region left of the resonance point, • (x,to) shows wide deviations from C(x,to), leaving only • (x,to) in agreement with the line's "characteristic impedance." These deviations betray that the left-going wave undergoes considerable reflection on its path beyond the resonance point, whereas right-traveling waves remain free of reflections.
This "internal" reflection is not due to the termination but due to the structure of the cochlea. It is thus inevitable that a spontaneous emitter of sound is submitted to the reflections of its own signal, even if the termination of the cochlea is producing little external reflection. This feedback is due to waves traveling backward towards the stapes and being refleeted internally by the inhomogeneity of the cochlea. This will influence the stability of such an emitter. In any event, the approximation by Q(x,to) is no longer valid here: The reflections of the left-going wave are too severe to allow the Lieuville-Green method to be applicable.
